This paper reviews the recent developments in convertedwave (C-wave) processing for vertical transverse isotropy (VTI), and addresses issues such as how many parameters are required to perform C-wave anisotropic prestack time migration (PSTM), and how to estimate these parameters. Both recent 2D and 3D data examples will be used to illustrate these developments.
Introduction
In P-wave processing, it is common to decompose the process of prestack time migration (PSTM) into CMP binning, NMO, DMO and poststack migration. This decomposition is very useful for P-waves in terms of both parameter estimation and actual imaging. This is because for P-waves, both the binning and DMO operations are independent of velocities. Similar schemes have been developed for converted-waves in isotropic media (Tessmer and Behle, 1988; Harrison, 1992) , which have also been very successful until anisotropy is encountered.
Various attempts have been made to extend the DMO approach to anisotropy (e.g. Rommel, 1996; Thomsen, 1999; Tsvankin and Grechka, 2000 ; amongst others), hoping to repeat the previous success. However, anisotropic CCP binning and converted-wave DMO is strongly velocity-dependent and this severely limited the success of this approach. Since 1999, efforts have also been made to develop converted-wave anisotropic PSTM to replace the CCP-binning and DMO approach (e.g., Li and Druzhinin, 2000; Dai and Li 2001; Dai, 2003; amongst others) . Here, we review these developments and present a unified and interactive approach for converted-wave imaging and parameter estimation in anisotropic media.
Zero-dip response and the stacking velocity model
The C-wave moveout signature in horizontally layered VTI media is referred to as the C-wave zero-dip response, which can be expressed as (Li and Yuan, 2003) ,
where V C2 is the C-wave stacking velocity, γ 0 and γ eff are the vertical and effective velocity ratio, and χ eff is the C-wave anisotropic coefficient. Equations (1) and (2) are accurate for offset-depth ratio of 2.0 (x/z#2.0) (Li and Yuan, 2003) . The zero-dip response controls the stacking process, and these four parameters are referred to as the C-wave stacking velocity model.
All-dip response and the PSTM velocity model
The C-wave diffraction curve from a point scatter in VTI media is referred to as the all dip response. Consider a scatter point at (x,z) located immediately below a stack of VTI layers (Figure 1 ). The all dip response can be derived as (Dai and Li, 2001) , 
Subscript i denotes interval quantities. t C0 is the vertical two-way time, h is the half source-receiver offset, η is the well-known P-wave anisotropic parameter and ζ is the Swave anisotropic parameter defined as
Equation (3) is accurate up to, at least, offset-depth ratio of 2.5 (Yuan, 2001 ). The diffraction curve [Equation (3)] contains five parameters: γ 0 , V P2 , V S2 , η eff and ζ eff , controlling the process of C-wave PSTM. Of which, the four parameters V P2 , V S2 , η eff and ζ eff are referred to as the C-wave PSTM velocity model.
The analytical link
There is a one-to-one analytical link between the stacking and PSTM velocity models:
Equations (7) are derived for a single VTI layer but they are found to be good approximations for time processing. If the stacking velocity model (V C2 , γ 0 , γ eff and χ eff ) is known, equations (6) and (7) can be used to build the PSTM velocity model.
Workflow for estimating the stacking velocity model
The following workflow can now be used to determine the stacking velocity model (V C2 , γ 0 , γ eff and χ eff ) using 4C seismic data:
The first step is to determine γ 0 through an initial processing sequence. The C-wave moveout is insensitive to the variation of γ 0 (Li and Yuan 2003) . Thus, γ 0 cannot be determined from moveout analysis. A coarse correlation of the P-and C-wave stacked sections is required. This often involves processing the P-and C-wave data using hyperbolic methods to obtain two stacked sections. γ 0 is then obtained by correlating these two sections.
Once γ 0 is determined, V C2 , γ eff and χ eff can all be determined from the C-wave moveout signature by interactive analysis (Dai, 2003) . This is because each of these parameters controls a particular data aperture of primary influence: V C2 controls the hyperbolic moveout at near offsets (x/z<1.0); γ eff controls the non-hyperbolic moveout at intermediate offsets (x/z<1.5) due to the asymmetric raypath; χ eff controls the anisotropic moveout at far offsets (x/z<2.0). Figure 2 illustrates the correlation analysis for determining γ 0 , where we have successfully correlated five events between the P-and C-wave sections. As one can see, a detailed correlation is not necessary. 
Updating the velocity models
Updating is achieved by analyzing the residual moveout in CIP gathers. An similar interactive tool as in Figure 3 is used to perform model updating. In this case, the input is CIP gathers instead of ACP gathers. Model updating is often restricted to V C2 and χ eff . Figure 4 illustrates this process. First, interactive velocity analysis is performed over ACP gathers to determine the stacking velocity model V C2 , γ eff a nd χ eff (Figure 4a ). Note that γ 0 is determined before this step by correlation analysis. The PSTM velocity model is then calculated from the stacking model and a common imaging gather is generated (Figure 4b ). If the events are not flat, the gather is input to the interactive tool again for updating V C2 and χ eff , and the resulted CIP gather then becomes flat (Figure 4c ). This requires one NMO rum and two PSTM runs. 
Data examples
The above PSTM scheme has been applied to several 4C datasets from the North Sea. Here we select one 2D example and one 3D example for illustrative purposes. The results of the new scheme are compared with the conventional approach of DMO-poststack migration.
The first example is a 2D 4C data from Lomond, North Sea (courtesy of BG plc). Further details of this data can be found in Mancini et al, 2002 . Here 4C data are used to improve imaging beneath gas clouds. Figure 5 shows a comparison of the PSTM results with the DMO and poststack migrated results. There is a substantial improvement to the reservoir structure, which agrees with well data (Figure 6 ). The second example is a 3D 4C data from North Sea (Courtesy KerMcGee). Further details of this data can be found in Dai et al. (2004) . Again, the purpose is to improve imaging beneath gas clouds. Figure 7 shows one example of the comparison between the images obtained by the PSTM approach and by the conventional DMO approach. Wells and interpreted horizons are marked on both images. The PSTM result clearly shows the structure with crestal faulting which is absent in the DMO result. Instead the DMO result reveals a possible anticline. Drilling results confirmed the structure imaged by PSTM. 
Discussion and conclusions
We have presented some basic theories for describing the C-wave moveout in layered VTI media (the zero-dip response) which controls the stacking process, and for describing the diffraction from a point scatter which controls the process of prestack time migration. Both theory and application show that C-wave time processing in VTI media is determined by four parameters: V C2 , γ 0 , γ eff and χ eff . Except γ 0 , the other three parameters can be determined from the moveout signatures either in the ACP or in the CIP domain. This understanding leads to the development of a new processing scheme based on C-wave PSTM which replaces the sequence of CCP binning, DMO and poststack migration. Real data examples show that the new scheme improves the C-wave imaging substantially, and that C-wave anisotropic imaging can be done accurately with low cost.
